JEuropaisches Patentamt 
European Patent Office 



Office europeen des brevets 



© Publication number: 



0 497 066 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 91402591.1 
@ Date of filing: 27.09.91 



© int. CIA C23C 14/54, H01J 37/32, 
C23C 14/56 



® 


Priority: 30.01.91 JP 29431/91 


© Inventor: Shimose, Yuichiro, c/o Kabushiki 






Kaisha 


Date of publication of application: 


Tokuda Seisakusho, 6-25-22, Sagamigaoka 




05.08.92 Bulletin 92/32 


Zama-shi, Kanagawa-ken(JP) 






Inventor: Ikeda, Jiro 


Designated Contracting States: 
DE FR GB 


c/o Sony Corporation, 7-35, Kitashinagawa 




6-chome 


© 


Applicant SONY CORPORATION 

7-35 Kitashinagawa 6-chome Shinagawa-ku 


Shinagawa-ku, Tokyo(JP) 




Tokyo 141 (JP) 


© Representative: Thevenet, Jean-Bruno et a I 




Applicant KABUSHIKI KAISHA TOKUDA 




SEISAKUSHO 


Cabinet BEAU DE LOMENIE 55 rue 




6-25-22 Sagamigaoka 


d'Amsterdam 




Zama-shi, Kanagawa-ken(JP) 


F-75008 Paris(FR) 



© A sputtering apparatus. 
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© The sputtering apparatus which can be inserted 
in a continous manufacturing line comprises judging 
means (51) for judging whether or not a normal thin 
film has been satisfactorily deposited on the surface 
of a substrate to be processed in a film deposition 
apparatus (3). 

The apparatus comprises necessary condition- 
determining means for determining conditions nec- 
essary for depositing a normal thin film on the sur- 
face of the substrate to be processed, executed 
result-detecting means for detecting the results of a 
thin film deposition process, by sensing e.g. the 
pressure in a vacuum chamber or the waveform of 
discharge output puwur supplied from a discharge 
power source, comparing means for comparing the 
executed results detected by the executed result- 
detecting means with the necessary conditions de- 
termined by the necessary condition-determining 
means, and judging means (51) for judging imme- 
diately after the sputtering process whether or not 
the thin film-deposition process has been satisfac- 
torily performed on the basis of the comparison 
results produced from the comparing means. 
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BACKGROUND OF THE INVENTION 
Field of the Invention: 



This invention relates to a sputtering apparatus, 
and more particularly to a sputtering apparatus that 
can judge whether or not a prescribed film deposi- 
tion process has been satisfactorily performed on 
the basis of the detection results of the abnormali- 
ties in the sputtering process. 

Description of the Prior Art: 

In recent years, a compact disk (hereinafter, 
referred to as a CD) and a laser disk have been 
widely used to record a large amount of digitized 
sound and image information. The substrate of the 
CD is made of transparent synthetic resin such as 
polycarbonate and the like. A large number of so- 
called pits are formed on the surface of the sub- 
strate in accordance with digital information of "1 " 
or "0". Further, an aluminum thin film having a high 
light-reflectivity is deposited on the pits-formed sur- 
face of the substrate by use of a sputtering tech- 
nique. The thus recorded information can be read 
by the presence or absence of the reflected light of 
a laser light beam applied to the CD. The alu- 
minum thin film deposition per a single sheet of the 
substrates can be performed in a relatively short 
time. Thus, the continuous film deposition process 
with respect to a large number of substrates can 
be achieved. 

A conventional sputtering apparatus generally 
has a configuration shown in Figure 12 and Figure 
13. Specifically, digital information of "1" or "0" is 
recorded on the substrates by use of a press- 
molding technique, which is performed in a mold- 
ing apparatus 1. The information-recorded sub- 
strate 4 is transferred by a first handling machine 2 
into a film deposition apparatus 3, which has a 
configuration shown in Figure 13. In Figure 13, a 
light-reflecting film is deposited on the surface of 
the thus transferred substrate 4 in a film deposition 
chamber 31 (which is a vacuum chamber) by use 
of a sputtering source 32. The sputtering source 32 
incorporates a target 33 disposed opposing to the 
substrate 4. In Figure 12, a DC power source 34, 
which supplies pulse-shaped sputtering power of 
about 15 KW at a maximum, is connected to the 
film deposition apparatus 3. Specifically, the sput- 
tering power is applied across the target 33 and 
the substrate 4 so as to perform the sputtering 
process in the film deposition chamber 31, as 
shown in Figure 13. Further, a control unit 5 is 
connected both to the DC power source 34 and the 
film deposition chamber 3 so as to control a series 
of sputtering processes. 

However, in the above-described conventional 
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sputtering apparatus, there is not provided judging 
means for immediately judging whether or not the 
sputtering process in the film deposition apparatus 
3 has been normally performed and an aluminum 

5 thin film has been satisfactorily deposited on the 
substrate 4. As shown in Figure 12, the film deposi- 
tion apparatus 3 is incorporated in the manufactur- 
ing line consisting of the subsequent second han- 
dling machine 6 -* a protective film-forming ap- 

io paratus 7 a third handling machine 8 — an 
inspection apparatus 9. Thus, the film-deposited 
substrate 4 will not be inspected until it reaches the 
final step of the manufacturing line, i.e., the inspec- 
tion apparatus 9. In the inspection apparatus 9, 

75 automatic inspection items are processed which 
include a function test to automatically judge 
whether or not the information has been satisfac- 
torily recorded on the CD. However, the items do 
not include an automatic inspection step to auto- 

20 matically inspect whether or not an aluminum thin 
film per se has been satisfactorily deposited. As- 
sume that the results of such function test are 
satisfactory, however, the aluminum thin film per se 
has uneveness or black stains which damage the 

25 appearance beauties of the CD as merchandise. In 
this case, such CD must be removed as a defec- 
tive product. Therefore, after the completion of the 
entire manufacturing processes, the whole manu- 
factured CDs must undergo the prescribed visual 

30 inspection performed by human operators. In other 
words, even when an aluminum thin film has been 
unsatisfactorily deposited on the substrate 4 in the 
film deposition apparatus 3, such defective sub- 
strate 4 must pass through the subsequent pro- 

35 cesses including the protective film formation. This 
consumes wasteful time in the subsequent pro- 
cesses, and increases load on the final inspection 
process. Further, a large number of defective CDs 
might be produced, which cannot be discriminated 

40 in the final inspection process. As described above, 
in the conventional sputtering apparatus, there are 
not provided the judging means for immediately 
judging whether or not the prescribed film deposi- 
tion by sputtering has been satisfactorily performed 

45 and the outputting means for outputting judgment- 
result signals corresponding to the substrate to be 
inspected. Thus, a large number of defective pro- 
ducts might be unnecessarily transferred into sub- 
sequent processes. This inevitably deteriorates the 

50 yield of the products and decreases the efficiency 
of the manufacturing line. 

SUMMARY OF THE INVENTION 

55 Accordingly, one object of the present inven- 

tion is to provide a sputtering apparatus which 
comprises abnormality-detecting means for imme- 
diately detecting the abnormalities in a sputtering 
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process, whereby the efficiency of the manufactur- 
ing line can be significantly increased. 

Briefly, in accordance with one aspect of the 
present invention, there is provided a sputtering 
apparatus having a pressure-reduced film deposi- 
tion chamber for depositing a thin film on the 
surface of a substrate to be processed, a target 
made of thin film-depositing material, the target 
being incorporated in the film deposition chamber 
at a position opposing to the substrate to be pro- 
cessed, and a power source for supplying dis- 
charge power across the substrate to be processed 
and the target. The improvement of the apparatus 
comprises necessary condition-determining means 
for determining conditions necessary for depositing 
a normal thin film on the surface of the substrate to 
be processed, executed result-detecting means for 
detecting the executed results of thin film-deposi- 
tion processes, comparing means for comparing 
the executed results detected by the detected 
result-detecting means with the necessary condi- 
tions determined by the necessary condition-deter- 
mining means, and judging means for judging 
whether or not the thin film-deposition process has 
been satisfactorily performed on the basis of the 
comparison results produced from the comparing 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention 
and many of the attendant advantages thereof will 
be readily obtained as the same becomes better 
understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, wherein: 

Figure 1 is a diagram illustrating the configura- 
tion of a manufacturing line in which a first 
embodiment of a sputtering apparatus according 
to the present invention has been employed; 
Figure 2 is a block diagram illustrating an essen- 
tial portion of the apparatus shown in Figure 1; 
Figure 3 is a characteristic diagram illustrating 
the pressure and discharge power during the 
period of a single sputtering process for film 
deposition in the apparatus shown in Figure 1; 
Figure 4 is a flow chart illustrating the operation 
procedures in the apparatus shown in Figure 1; 
Figure 5 is a block diagram illustrating an essen- 
tial portion of a second embodiment of a sput- 
tering apparatus according to the present inven- 
tion; 

Figure 6 is a characteristic diagram illustrating 
the discharge power during the period of a sin- 
gle sputtering process for film deposition in the 
apparatus shown in Figure 5; 
Figure 7 is a flow chart illustrating the operation 
procedures in the apparatus shown in Figure 5; 



Figure 8 is a characteristic diagram illustrating 
the discharge power for sputtering in a third 
embodiment of a sputtering apparatus according 
to the present invention; 

5 Figure 9 is a flow chart illustrating the operation 

procedures in the apparatus shown in Figure 8; 
Figure 10 is a characteristic diagram illustrating 
the discharge power for sputtering in a fourth 
embodiment of a sputtering apparatus according 

10 to the present invention; 

Figure 11 is a flow chart illustrating the opera- 
tion procedures in the apparatus shown in Fig- 
ure 10; 

Figure 12 is a diagram illustrating the configura- 
75 tion of a conventional manufacturing line in 
which CDs are manufactured; and 
Figure 13 is an enlarged cross-sectional view of 
the film deposition apparatus shown in Figure 
12. 

20 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, several embodiments of a sputter- 

25 ing apparatus according to the present invention 
will be described with reference to the accompany- 
ing drawings, wherein like reference numerals des- 
ignate identical or corresponding parts in the con- 
ventional apparatus shown in Figure 12 and Figure 

30 13, whereby the detailed description thereof will be 
partially omitted. 

Figure 1 is a diagram illustrating the configura- 
tion of a manufacturing line in which a first embodi- 
ment of a sputtering apparatus according to the 

35 present invention has been employed. In Figure 1, 
digital information of "1" or "0" is recorded on a 
substrate 4, which is made of synthetic resin, by 
use of a press-molding technique in a molding 
apparatus 1. The thus information-recorded sub- 

40 strate 4 is transferred by a first handling machine 2 
into a film deposition apparatus 3. The film deposi- 
tion apparatus 3 comprises a vacuum chamber in 
which an aluminum target 33 and the substrate 4 
are disposed opposing to each other in the same 

45 manner as in the conventional apparatus. In the 
film deposition apparatus 3, an aluminum light- 
reflecting film is deposited on the surface of the 
substrate 4 by use of discharge power which is 
supplied from a power source 34 to the target 33. 

50 Further, a control unit 5 is connected both to the 
film deposition apparatus 3 and the power source 
34. The control unit 5 comprises judging means 51 
which is more specifically illustrated in Figure 2. 
In Figure 2, a vacuum-sensing head 51a is 

55 provided in a film deposition chamber 31 (a vacu- 
um chamber) of the film deposition apparatus 3. 
The pressure information in the film deposition 
chamber 31 is fed into a vacuum meter 51 b so as 
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to be converted into a voltage signal Vp corre- 
sponding to the pressure in the film deposition 
chamber 31. The voltage signal Vp is fed into a 
controller 51c which is a microcomputer. In accor- 
dance with the programmed control, the controller 
51c judges whether or not the pressure in the film 
deposition chamber 31 , detected by the vacuum- 
sensing head 51a, has been a pressure necessary 
for the normal film deposition process. When this 
necessary pressure has not been present in the 
film deposition chamber 31, the controller 51c de- 
tects the abnormalities in sputtering. The thus de- 
tected result is fed into a second handling machine 
6. As a result, the corresponding substrate 4 can 
be removed as a defective substrate from the sec- 
ond handling machine 6. Further, the removal of 
the defective substrate 4 is displayed on a display 
52. A keyboard input unit 51 d serves to determine 
the reference pressure value for the normal film 
deposition process, and to feed it into the controller 
51c. The above-montioned judgment result is out- 
putted as signals corresponding to the substrate to 
be inspected. 

Specifically, the second handling machine 6 
removes the corresponding defective substrate 4 
therefrom on the basis of a removal signal Q 
(which instructs to remove a substrate having a 
defective thin film deposited thereon) produced 
from the judging means 51. Thus, only the sub- 
strate 4, on which an aluminum thin film has been 
satisfactorily deposited by the normal sputtering 
process, can be transferred into a protective film- 
forming apparatus 7. In the apparatus 7, a synthetic 
resin protective film is formed on the aluminum 
film-deposited surface of the thus transferred sub- 
strate 4. 

In the manufacturing line starting with the 
molding apparatus 1 through an inspection appara- 
tus 9, the film deposition apparatus 3 is the most 
essential apparatus of all. Specifically, in the mold- 
ing apparatus 1, the substrates are manufactured 
by use of a press-molding technique. Thus, the 
substrates of uniformec quality can be relatively 
easily obtained, i.e.. few substrates having a defec- 
tive molded shape are produced. Further, in the 
protective film-forming apparatus 7, synthetic resin 
is simply painted on the aluminum film-deposited 
surface of the substrates, and hardened by ul- 
traviolet rays applied thereto. Thus, also in this 
process, the rate of producing defective substrates 
is relatively low. However, in the film deposition 
apparatus 3, complicated and accurately controlled 
processes are repeatedly performed in a sheet-by- 
sheet mass-production manner. Such complicated 
processes include : transferring substrates into the 
vacuum chamber — exhaust by use of a turbo 
molecule pump — * discharge (sputtering process) 
— transferring substrates to the outside. Thus, the 
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rate of producing defective substrates is the high- 
est throughout the processes in the manufacturing 
line. In the first embodiment according to the 
present invention, the judging means 51 is pro- 

5 vided in the control unit 5. The judging means 51 
can immediately judge whether or not an aluminum 
thin film has been satisfactorily deposited on an 
individual substrate. The second handling machine 
6 receives the judgment result from the judging 

10 means 51 in the control unit 5. Thus, the defective 
substrate can be removed from the second han- 
dling machine 6. As a result, the load on the 
inspection apparatus 9 can be reduced, and waste- 
ful time, in which a protective film is formed on the 

75 defective substrate, can be eliminated. 

More specifically, a single film deposition pro- 
cess, which includes exhaust film deposition 
(sputtering process) transfer, is performed in a 
short-period of about 6 seconds, as shown in Fig- 

20 ure 3. In Figure 3, the solid line A represents 
pressure in the film deposition chamber 31, and 
the dotted line B represents DC power applied 
across the target 33 and the substrate 4. An alu- 
minum thin film is satisfactorily deposited on the 

25 substrate 4 only when the pressure A in the film 
deposition chamber 31 has been sufficiently de- 
creased by exhaust. Thus, in general, the DC pow- 
er B for sputtering is applied only after the suffi- 
cient decrease of the pressure A has been con- 

30 firmed. In other words, the pressure in the film 
deposition chamber 31 must be detected imme- 
diately before the sputtering. This is disadvanta- 
geous to the reduction of the sheet-by-sheet pro- 
cessing time. Thus, in this embodiment, the pres- 

35 sure in the film deposition chamber 31 is detected 
at a time after the film deposition, i.e., at a time 
during the transferring period. When the thus de- 
tected pressure value is equal to or less than a 
predetermined reference value, the judging means 

40 51 recognizes that a satisfactory film deposition 
process has been performed under the normal 
pressure. 

The controller 51c, which is a microcomputer 
incorporated in the judging means 51, derives a 

45 sputtering completion signal Ts at a time after the 
sputtering film deposition process, i.e., at a time 
during the transferring period. Previously, an al- 
lowable maximum pressure value Pr [Pa] at the 
time upon the occurrence of the signal Ts has 

so been fed into the controller 51c as a reference 
value by use of the keyboard input unit 51 d. The 
judgment as to whether or not the prescribed film 
deposition process has been satisfactorily per- 
formed is executed in accordance with the follow- 

55 ing simple procedures shown in Figure 4. 

In STEP (a), the procedure converts a voltage 
signal Vp (e.g., in a range of Ov through 11 v) 
produced from the vacuum meter 51b into a pres- 
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sure value Ps [Pa]. In STEP (b), the procedure 
compares the detected pressure value Ps [Pa] with 
the reference pressure value Pr [Pa], and judges 
whether or not Ps ^ Pr. This comparison is made 
at the time upon the occurrence of the sputtering 
completion signal Ts in very film deposition pro- 
cesses. When Ps & Pr the procedure recognizes 
that the prescribed film deposition process has 
been satisfactorily performed. However, when Ps > 
Pr, the procedure recognizes that the correspond- 
ing substrate 4 is defective in terms of the film 
deposition. In this case, the procedure produces an 
abnormality-indicating signal corresponding to each 
substrate to be inspected and also indicates this on 
the display 52. Further, the procedure feeds the 
removal signal Q into the second handling machine 

6. As a result, the corresponding defective sub- 
strate 4 can be removed from the second handling 
machine 6. 

As described above, the sputtering apparatus 
according to this embodiment comprises the judg- 
ing means 51 that can judge whether or not the 
prescribed film deposition process has been sat- 
isfactorily performed. This judgment is made on 
the basis of whether or not the pressure in the film 
deposition chamber has been normal value during 
the film deposition period. Thus, the corresponding 
defective substrate can be removed from the man- 
ufacturing line at the earliest possible step, i.e., 
from the second handling machine 6. As a result, 
the load of the final inspection apparatus 9 in the 
manufacturing line can be reduced. Further, the 
wasteful processes including the protective film- 
formation with respect to the defective substrates 
can be avoided. Therefore, the efficiency of the 
manufacturing line can be significantly enhanced. 

In the above-described first embodiment ac- 
cording to the present invention, the condition, in 
which a substrate having a defective film deposited 
thereon is produced, has been defined as the case 
when the film deposition process has been per- 
formed under the abnormal pressure. However, the 
defective film deposition or the damage to the pits 
can also occur in the case when the waveform of 
discharge power (voltage or current), being applied 
in a pulse-shaped manner during the film deposi- 
tion process, has not been in a prescribed normal 
shape. Thus, the abnormalities in sputtering can 
also be detected by the detection of the abnormal 
waveform of such discharge power (voltage or cur- 
rent). 

Next, a second embodiment of a sputtering 
apparatus according to the present invention will be 
described with reference to Figure 5 through Figure 

7. In this embodiment, when the discharge power 
waveform has not been normal, i.e., when the suffi- 
cient discharge power necessary for the normal 
film deposition process has not been applied, the 
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apparatus produces an abnormality-indicating sig- 
nal corresponding to the each substrate to be in- 
spected which indicates that a defective substrate 
has been produced in the film deposition process. 
5 The entire manufacturing line, in which this em- 
bodiment of the sputtering apparatus has been 
employed, has the same configuration as that 
shown in Figure 1 and Figure 2. However, the 
power source 34 has a configuration shown in 

10 Figure 5. In Figure 5, the power source 34 receives 
3-phase AC power, and converts the same into 
high-voltage DC power by use of an AC-DC con- 
verter 34a incorporated therein. The thus converted 
high-voltage DC power is supplied to the film depo- 
ts sition apparatus 3. The AC-DC converter 34a pro- 
duces the DC power output in accordance with an 
output timing signal supplied from a control circuit 
board 34b. The output timing signal has been ap- 
propriately determined so as to perform the pre- 

20 scribed film deposition process. Further, a DC out- 
put power value Pa and a DC output voltage value 
Pr, which represent the converted output, are de- 
tected by use of a combination of components 
such as a resistor 34c, a voltage detection circuit 

25 34ba and a current detection circuit 34bb. The thus 
detected values Pa and Pr are fed into the judging 
means 51 in the control unit 5. Thus, the judging 
means 51 can judge whether or not the prescribed 
film deposition process has been satisfactorily per- 

30 formed. Moreover, the power source 34 produces a 
spark signal Pk upon the detection of that an are 
discharge (abnormal discharge) has occurred dur- 
ing the sputtering process instead of a glow dis- 
charge (normal discharge). The spark signal Pk is 

35 also fed into the judging means 51 in the control 
unit 5, as shown in Figure 5. 

The judging means 51 feeds a discharge start- 
ing signal Hk and a discharge-stop controlling sig- 
nal Ht into the power source 34. The power source 

40 34 then feeds an analog-detection output signal 
(Pa) corresponding to its output DC power into the 
judging means 51. In Figure 6, the rectangular 
waveform indicated by the dotted line B represents 
the prescribed DC output power to achieve the 

45 satisfactory film deposition. Assume that the 
analog-detection output signal (Pa) has a waveform 
indicated by the solid line C. This represents that 
the prescribed DC output power has not been 
supplied to the film deposition apparatus 3. Specifi- 

50 cally, the total amount of times T1 and T2, in which 
the discharge power has not reached a minimum 
output power value Pt during a single sputtering 
process, has exceeded a predetermined constant 
time period L. In this case, the judging means 51 

55 recognizes that the prescribed discharge power 
necessary for the normal film deposition process 
has not been supplied, and judges that the pre- 
scribed film deposition process has not been sat- 

5 
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isfactorily performed, and then feeds an 
abnormality-detection signal Q corresponding to 
the each substrate to be inspected into the second 
handling machine 6. Thus, a corresponding sub- 
strate having a defective thin film deposited there- 
on can be removed from the second handling 
machine 6. 

The programmed control procedures with re- 
spect to the above-described operations in the 
judging means 51 will be described with reference 
to a flow chart shown in Figure 7. In STEP (a) and 
in STEP (b), the procedure respectively predeter- 
mines a prescribed DC output value Pm and a 
reference DC output value Pt. In STEP (c), the 
procedure receives the analog-detection output sig- 
nal Pa from the power source 34. In STEP (d), the 
procedure converts the thus received analog signal 
Pa into a digital signal. In STEP (e), the procedure 
calculates the total amount of time in which Pt *£ 
Pa, i.e., the cause to prevent the normal film depo- 
sition process. In STEP (f), the procedure predeter- 
mines the discharge time period L necessary for 
the prescribed film deposition process. In STEP 
(g), the procedure calculates an actual total amount 
of time in which Pt ^ Pa during a single film 
deposition process. In STEP (h), the procedure 
judges whether or not the thus calculated actual 
total amount of time has exceeded the predeter- 
mined time period L. In the case of YES, the 
procedure then produces an abnormality-detection 
signal Q, and feeds it to the second handling 
machine 6. Further, the procedure indicates this 
abnormality on the display 52. Therefore, when the 
above-described second embodiment is employed 
in a series of manufacturing line processes, a sub- 
strate having a defective thin film deposited there- 
on can be removed from the line at the earliest 
possible step, i.e., at the second handling machine 
6. This can be performed in the same manner as in 
the first embodiment. Thus, the load on the final 
inspection apparatus 9 can be reduced, and the 
wasteful processes in the line with respect to the 
defective substrates can be avoided. 

Moreover, there can be provided another tech- 
nique to judge whether or not the prescribed film 
deposition process has been satisfactorily per- 
formed on the basis of the detection results of 
whether or not the normal discharge has been 
performed during the film deposition process. Spe- 
cifically, the technique is such that the total amount 
of time, in which the instantaneous discharge in- 
terruption (caused by are discharge and the like) 
has occurred during a single film deposition pro- 
cess, is compared with a predetermined allowable 
time. Further, when the total amount of time has 
exceeded the predetermined allowable time, the 
judging means 51 recognizes that the prescribed 
film deposition process has not been satisfactorily 
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performed. The judging means 51 then produces 
an abnormality-detection signal. This technique is 
useful because even the instantaneous discharge 
interruption would have some adverse effect on the 

5 film deposition process which is performed in an 
extremely short period of about 2 seconds. 

Next, a third embodiment of a sputtering ap- 
paratus according to the present invention, in which 
the above-described technique is utilized, will be 

w described with reference to Figure 8 and Figure 9. 
Figure 8 shows the waveform of the discharge 
power, and Figure 9 shows the programmed proce- 
dures in the judging means 51 . In Figure 8, T3 and 
T4 respectively represent the times in which the 

75 instantaneous discharge interruption has occurred 
during a single film deposition process. The judg- 
ing means 51 compares the total amount of such 
times, i.e., Tc = T3 + T4, with a predetermined 
reference time period LI, and judges whether or 

20 not Tc > L1 . When Tc > L1, the judging means 51 
then produces an abnormality-detection signal Q 
indicating that the entire normal discharge power 
has been insufficient for the satisfactory film depo- 
sition process. The programmed procedures shown 

25 in Figure 9 are substantially the same as those in 
the second embodiment shown in Figure 7, so that 
the detailed description thereof will be omitted. In 
Figure 9, the procedure predetermines the refer- 
ence time period L1 (STEP(i)), and starts the dis- 

30 charge (STEP 0))- Thereafter, the procedure cal- 
culates the total amount of time, Tc =T3 + T4 - 
(STEP (k)). In STEP (1), the procedure judges 
whether or not Tc > L1. When Tc > L1, the 
procedure recognizes that the prescribed film de- 

35 position process has not been satisfactorily per- 
formed, and produces the abnormality-detection 
signal Q, which is fed into the second handling 
machine 6. Thus, a substrate having a defective 
thin film deposited thereon can be removed from 

40 the second handling machine 6. Further, the proce- 
dure indicates such abnormality on the display 52. 

Moreover, assume that the number of times of 
instantaneous discharge interruptions (caused by 
arc discharge and the like) in a single film deposi- 

45 tion process has exceeded a predetermined allowa- 
ble number. In this case, a prescribed thin film 
cannot be satisfactorily deposited on the surface of 
a substrate, and the pits formed thereon might be 
damaged. This phenomenon occurs because of the 

so fact that the excessive number of times of instanta- 
neous discharge interruptions causes aluminum to 
be scattered in massive particles from the parts 
such as an aluminum target, a protective shield 
and the like. Upon the detection of the excessive 

55 number of times of instantaneous discharge in- 
terruptions, the judging means 51 recognizes that 
unsatisfactory film deposition process has been 
performed, and produces an abnormality-detection 

6 



11 



EP 0 497 066 A1 



12 



signal. 

Next, a fourth embodiment of a sputtering ap- 
paratus according to the present invention, in which 
the above-described phenomenon has been taken 
into consideration, will be described with reference 5 
to Figure 10 and Figure 11. Figure 10 shows the 
waveform of the discharge power, and Figure 11 
shows the programmed procedures in the judging 
means 51. In Figure 10, instantaneous discharge 
interruptions (caused by spark) have occurred five io 
times (t1 through t5) during a single film deposition 
process. The judging means 51 counts the number 
of times of the instantaneous discharge interrup- 
tions, and compares the thus counted number n 
with a predetermined reference number of times 75 
L2. When n > L2, the judging means 51 then 
produces an abnormality-detection signal Q be- 
cause of that the damage to the surface of the 
substrate 4 cannot be neglected even when the 
entire discharge power has been sufficient to 20 
achieve the prescribed film deposition process. In 
Figure 11, the procedure predetermines the refer- 
ence number of times of instantaneous discharge 
interruptions (STEP (m)). After the discharge has 
been started, several spark signals Pk (indicating 25 
the occurrence of instantaneous discharge interrup- 
tions) are produced from the power source 34. The 
procedure counts the number of times n of the 
instantaneous discharge interruptions on the basis 
of the thus produced spark signals Pk (STEP (n)). 30 
The procedure judges whether or not the thus 
counted number n is greater than or equal to the 
reference number L2. When n ^ L2, the procedure 
then produces an abnormality-detection signal Q, 
and feeds it both to the second handling machine 6 35 
and the display 52 (STEP (o)). 

In the above-described first through fourth em- 
bodiments, the power source 34 has been de- 
scribed as the DC power source. However, the 
power source 34 can also be replaced with a high 40 
frequency power source. In this case, the same 
advantages as those in the above-described em- 
bodiments can also be obtained. Further, in the 
second through fourth embodiments, the waveform 
of the output power Pa has been utilized to judge 45 
whether or not the prescribed film deposition pro- 
cess has been satisfactorily performed. However, 
the waveform of the output voltage Pr may also be 
utilized for the same judgment. Moreover, the 
abnormality-detection signal Q may also be fed 50 
into the third handling machine 8. Further, in the 
respective above-described embodiments, various 
parameters, which are discharge power, discharge 
interruption time, the number of times of arc dis- 
charges and the discharge voltage value or the 55 
discharge current value, are independently and in- 
dividually detected to be utilized as the basis of the 
abnormality-detection of the sputtering process. 



However, such parameters may also be appro- 
priately selected so as to make a combination 
thereof, or all of the parameters may also be pro- 
vided in the apparatus. Namely, in some cases, all 
of the above-described embodiments can be incor- 
porated in the sputtering apparatus, the abnormal- 
ity detection of the sputtering film deposition pro- 
cess can be performed either on the basis of a 
parameter of any one of the embodiments, or on 
the basis of a combination of plural parameters of 
the embodiments incorporated in the apparatus. 

As described above, according to the present 
invention, there can be provided a sputtering ap- 
paratus that can judge, immediately after the com- 
pletion on a film deposition process, whether or not 
the film deposition process has been satisfactorily 
performed, and can produce an abnormality-detec- 
tion signal. Thus, when the sputtering apparatus of 
this invention is incorporated in a mass-production 
manufacturing line, a substrate having a defective 
film in terms of function and/or appearance, which 
cannot be detected by the conventional inspection 
apparatus, can be removed from the line at the 
earliest possible step. This is significantly advanta- 
geous, and contributes much to the improvement 
of the efficiency of the manufacturing line. The 
apparatus of this invention can also be utilized 
even for a single sputtering process, i.e., a sputter- 
ing apparatus for various objects such as a glass 
plate, a metal plate, plastics and the like. The 
sputtering apparatus according to the present in- 
vention having a simple configuration can assured- 
ly detect the abnormalities in the film deposition 
process with respect to an individual substrate at 
the earliest possible step in the continuous manu- 
facturing line. Thus, the apparatus is significantly 
advantageous to the practical applications. 

Obviously, numerous additional modifications 
and variations of the present invention are possible 
in light of the above teachings. It is therefore to be 
understood that within the scope of the appended 
claimes, the invention may be practiced otherwise 
than as specifically described herein. 

Claims 

1. A sputtering apparatus having a pressure-re- 
duced film deposition chamber (31) for depos- 
iting a thin film on the surface of a substrate 
(4) to be processed, a target (33) made of thin 
film-depositing material being incorporated in 
said film deposition chamber (31) at a position 
opposing to said substrate (4) to be processed 
and a power source (34) for supplying dis- 
charge power across said substrate (4) to be 
processed and said target (33), characterized 
in that the sputtering apparatus further com- 
prises : 
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necessary condition-determining means for 
determining conditions necessary for deposit- 
ing a normal thin film on the surface of said 
substrate to be processed; 

executed result-detecting means for de- 
tecting the executed results of a thin film- 
deposition process; 

comparing means for comparing the ex- 
ecuted results detected by said executed 
result-detecting means; and 

judging means for judging whether or not 
said thin film-deposition process has been sat- 
isfactorily performed on the basis of the com- 
parison results produced from said comparing 
means. 



amount of the executed discharge time period 
in which the executed discharge voltage value 
has not reached said prescribed discharge 
voltage value. 

5 

7. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining the necessary 
time period of a prescribed discharge current 

w value, and said executed result-detecting 

means includes means for detecting the total 
amount of the executed discharge time period 
in which the executed discharge current value 
has not reached said prescribed discharge cur- 

75 rent value. 



2. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining a reference 
pressure value in said film deposition chamber, 
and said executed result-detecting means in- 
cludes means for detecting the executed pres- 
sure value in said film deposition chamber 
during the film deposition process. 

3. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining the necessary 
time period of a prescribed discharge power 
value, and said executed result-detecting 
means includes means for detecting the total 
amount of the executed discharge time period 
in which the executed discharge power value 
has not reached said prescribed discharge 
power value. 

4. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining the allowable 
time period of discharge interruption, and said 
executed result-detecting means includes 
means for detecting the executed time period 
of discharge interruption. 

5. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining the allowable 
number of times of arc discharges, and said 
executed result-detecting means includes 
means for detecting executed number of times 
of arc discharges. 

6. The sputtering apparatus of claim 1, wherein 
said necessary condition-determining means 
includes means for determining the necessary 
time period of a prescribed discharge voltage 
value, and said executed result-detecting 
means includes means for detecting the total 



8. The sputtering apparatus of anyone of claims 1 
to 7, wherein said judging means outputs the 
judgment result as the signal corresponding to 

20 said substrate. 

9. The sputtering apparatus of claim 1 , character- 
ized in that it comprises: 

first necessary condition-determining 
25 means for determining a reference pressure 

value in said film deposition chamber, being 
necessary for depositing a normal thin film on 
the surface of said substrate to be processed; 
second necessary condition-determining 
30 means for determining the necessary time pe- 

riod of a prescribed discharge power value, 
being necessary for depositing a normal thin 
film on the surface of said substrate to be 
processed; 

35 third necessary condition-determining 

means for determining the allowable time pe- 
riod of discharge interruption, being necessary 
for depositing a normal thin film on the surface 
of said substrate to be processed; 

40 fourth necessary condition-determining 

means for determining the allowable number of 
times of arc discharges, being necessary for 
depositing a normal thin film on the surface of 
said substrate to be processed; 

45 fifth necessary condition-determining 

means for determining the necessary time pe- 
riod of a prescribed discharge voltage value, 
being necessary for depositing a normal thin 
film on the surface of said substrate to be 

so processed; 

sixth necessary condition-determining 
means for determining the necessary time pe- 
riod of a prescribed discharge current value, 
being necessary for depositing a normal thin 

55 film on the surface of said substrate to be 

processed; 

first executed result-detecting means for 
detecting the executed pressure value during 
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the sputtering process; 

second executed result-detecting means 
for detecting the total amount of the executed 
discharge time period in which the executed 
discharge power value has not reached said 5 
prescribed discharge power value; 

third executed result-detecting means for 
detecting the executed time period of dis- 
charge interruption; 

fourth executed result-detecting means for 10 
detecting the executed number of times of arc 
discharges; 

fifth executed result-detecting means for 
detecting the total amount of the executed 
discharge time period in which the executed 75 
discharge voltage value has not reached said 
prescribed discharge voltage value; 

sixth executed result-detecting means for 
detecting the total amount of the executed 
discharge time period in which the executed 20 
discharge current value has not reached said 
prescribed discharge current value; 

first comparing means for comparing the 
executed results detected by said first execut- 
ed result-detecting means with the necessary 25 
conditions determined by said first necessary 
condition-determining means; 

second comparing means for comparing 
the executed results detected by said second 
executed result-detecting means with the nec- 30 
essary conditions determined by said second 
necessary condition-determining means; 

third comparing means for comparing the 
executed results detected by said third ex- 
ecuted result-detecting means with the neces- 35 
sary conditions determined by said third nec- 
essary condition-determining means; 

fourth comparing means for comparing the 
executed results detected by said fourth ex- 
ecuted result-detecting means with the neces- 40 
sary conditions determined by said fourth nec- 
essary condition-determining means; 

fifth comparing means for comparing the 
executed results detected by said fifth execut- 
ed result-detecting means with the necessary 45 
conditions determined by said fifth necessary 
condition-determining means; 

sixth comparing means for comparing the 
executed results detected by said sixth ex- 
ecuted result-detecting means with the neces- 50 
sary conditions determined by said sixth nec- 
essary condition-determining means; and 

judging means for judging whether or not a 
prescribed film deposition process has been 
satisfactorily performed on the basis of at least 55 
one of the comparison results produced from 
said first through sixth comparing means. 10. 
The sputtering apparatus of claim 9 , wherein 



said judging means outputs the judgment re- 
sult as the signal corresponding to said sub- 
strate. 



9 
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